The concentration dependence of diffusion coefficients for naphthalene in supercritical carbon dioxide at 308.2K was measured by a pseudo steady state solid dissolution method. The 
Introduction
Diffusion coefficient in supercritical phase is very important as one of transport properties in the design of supercritical fluid extraction and reaction processes. However, almost all data of diffusion coefficients in supercritical region have been limited at infinite dilution condition and the thermodynamic analysis of diffusion behavior has not yet been fully advanced [1] . In a previous work [2] , the concentration dependence for diffusion coefficient of naphthalene in supercritical carbon dioxide was pointed out. The concentration dependence of diffusion coefficients for methane + n-decane system in the critical region was reported [3] . Recently, the concentration dependence of diffusion coefficients of lipids in supercritical fluids has been reported [4] . It is necessary to investigate the concentration dependence of diffusion coefficients for the design of the supercritical fluid processes. In this work, the concentration dependence for diffusion coefficients of naphthalene in supercritical carbon dioxide was measured at 308.2 K. The experimental diffusion coefficients were compared with the calculated results by the Darken equation [5] . The thermodynamic factor required in the Darken equation was determined by using several cubic equations of state.
Experimental

Materials
Reagent-grade naphthalene, more than 99.0 mol% supplied by Nacalai Tesque, was used.
High-purity carbon dioxide, with minimum purity of 99.9%, was supplied by Sumitomo Seika.
Equipment and procedures
A flow-type apparatus was used to measure the concentration dependence of diffusion coefficients for naphthalene in supercritical carbon dioxide at 308.2 K. The schematic diagram of the experimental apparatus is shown in Fig.1 . The apparatus consists of equilibrium and diffusion parts. The equilibrium part was used to adjust the concentration of naphthalene at the inlet of a diffusion cell (14). A pre-equilibrium cell (11) and an equilibrium cell (12) were immersed in a water bath (13) . The temperature of the water bath was determined to adjust the concentration of naphthalene. The diffusion cell was set in a water bath (15) regulated at 308.2K. Naphthalene powder was packed into capillaries in the diffusion cell. When supercritical fluid containing naphthalene under the saturated condition at the temperature of the equilibrium part passed through the diffusion cell, naphthalene packed in the capillaries dissolved and diffused into supercritical fluid. A schematic of the capillary in the diffusion cell is illustrated in Fig.2 .
The amounts of naphthalene decreased by dissolution were determined from changes of weight of the capillaries by using an electric balance. Diffusion coefficients were determined from the amounts of naphthalene decreased and the elapsed times, as follows:
where 2 ρ is the packed mass density of naphthalene, h b and h e are the distances at the beginning and the end of experiment, respectively. m 2 is the molar mass of naphthalene, t ∆ is the elapsed time, C is the molar gas density, y 2 sat is the saturated solubility of naphthalene in supercritical carbon dioxide, and T diff and T eq are the absolute temperature of diffusion and equilibrium parts, respectively.
Correlation
The Darken equation can be applied to calculate the concentration dependence of diffusion coefficients in supercritical fluid [2] .
where D 11 is the self-diffusion coefficient of supercritical carbon dioxide, D 21 0 is the diffusion coefficient of naphthalene in supercritical carbon dioxide at infinite dilution. These were calculated by the Schmidt number correlation proposed by Funazukuri et al. [6] . D 2 is the mass-fixed diffusion coefficient, 1 v is the partial molar volume of supercritical carbon dioxide. α is the thermodynamic factor defined by the following equation.
where f 2 is the fugacity and y 2 is the mole fraction of naphthalene.
In the correlation, four cubic equations of state (SRK-EOS [7] , PR-EOS [8] , Yu-EOS [9, 10] and IML-EOS [11] ,) are applied to calculate the fugacity, partial molar volume and molar density. The equations of state used in this work are shown as follows:
The following mixing and combining rules are used for the calculation of the mixture.
The interaction parameters between unlike molecules, k ij and l ij , were best fitted for each equation of state by adopting the solubility data [12] for naphthalene in supercritical carbon dioxide.
Results and discussion
The experimental results of diffusion coefficients for naphthalene in supercritical carbon dioxide at 308.2K are listed in Table 1 and plotted in Fig.3 . The experimental mole fraction of naphthalene was defined as follows. [12] b : inter-and extra-polated values by data of Akgerman et al. [13] c : interpolated values by data of Higashi et al. [2] Figure captions 
